Introduction 83 84
Adaptive decision making requires learning to link actions with outcomes and to update value 85 representations. The striatum supports learning from immediate rewards (Schultz, 1998) , with subregions 86 such as the ventral striatum playing a key role in responding to prediction errors (PEs; e.g., Pessiglione et 
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while the opposite pattern is observed in amnesic patients with MTL lesions (Foerde et al., 2013 ; see also 97 Knowlton et al., 1996) . In healthy young adults, PE response is greater in the striatum versus 98 hippocampus when the outcome is immediate, but greater in the hippocampus when the outcome is 99 delayed (Foerde and Shohamy, 2011) . The current study examined whether this double dissociation 100 between striatal and hippocampal systems for learning from immediate versus delayed feedback is 101 maintained in healthy aging. We specifically examined the possibility that these functional distinctions 102 between the hippocampus and striatum decline asymmetrically due to differential deterioration in memory 103 systems.
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Behavioral research indicates greater age-related decline in MTL-dependent tasks relative to striatum-106 dependent tasks (Hoyer and Verhaeghen, 2006) . Further, structural neuroimaging analyses find age-107 related volume loss in both regions; however, losses in the hippocampus are more accelerated in late life 
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The present study had three goals. Our main goal was to investigate the effects of aging on PE-related 127 responses in different memory systems. Given previous evidence for increased age-related decline in the 128 hippocampus compared to the striatum, we predicted that PE-related activity in the hippocampus in the 129 delayed condition would show greater age-related reductions than PE-related activity in the striatum in 130 the immediate condition. Our second goal was to investigate the effects of aging on episodic memory for 131 the outcome stimuli. Finally, our third goal was to examine effects of age and feedback-timing on the 132 ability to subsequently discriminate between cues on indexes of preference, probability awareness, and probabilistically associated with positive and negative outcomes during fMRI data collection. As none of 154 our participants were familiar with Japanese, the cue stimuli had no associated meaning at the start of the 155 task. Cue pairs were presented in the choice phase and each pair included one cue from each valence 156 condition. Outcome probabilities for "good cues" were 80% positive and 20% negative, and for "bad 157 cues", 20% positive and 80% negative (pseudo-randomized across trials). Participants had up 3000 ms to 158 select a cue during the choice phase, after which the selected cue remained on the screen for either 1000 159 ms (immediate condition) or 7000 ms (delayed condition). Then, the outcome screen was presented for 
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Prior to the scan session, participants received instructions and a description of the learning task in a 170 private testing room and practiced the task. They were told that each cue favored certain outcomes (no 171 specific contingencies given) and they were instructed to pick the cue they believed had the highest 172 chance of positive outcomes. Participants were also explicitly told that the time between their choice and 173 the outcome presentation would vary (no specific delay times were disclosed). In addition, they were told 174 that they could earn a cash bonus after the scan session, and that performance on the bonus task depended 175 on what they learned during the scanner task. 
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To test the primary hypothesis that normal aging is associated with asymmetrical decline in memory 334 systems, we examined age differences in PE response to immediate and delayed feedback in the striatum 335 and hippocampus. Specifically, we examined ROI response to PEs in a mixed 2 x 2 x 2 ANOVA with age 336 a between-subject factor and feedback-timing as well as memory region as within-subject factors.
Results 339 340
Age difference in effects of feedback timing on learning and memory performance 341 As shown in Figure 2, 
433
Consistent with the aforementioned analysis of trial-wise change in optimal choice selection, we observed 434 no significant age difference in model-derived learning rates (F (1,53) = 2.07, p = .16, p 2 =.04; Table 1 ).
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Softmax values were also similar across younger and older adults (F (1,53) = 2.07, p = .16, p 2 =.04; Table   436 1), indicating that the degree to which choices were value driven (or random) was similar in younger and 
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The initial whole-brain analysis examined PE signal combined across feedback-timing conditions. Results
455
indicated robust PE-related activation of the striatum and hippocampus in both younger and older adults 456 with no significant age differences observed anywhere in the basal ganglia or MTL ( Fig. 5 ; Table 3 ).
457
Thus, when examining neural learning signals across feedback-delay conditions, we found no age 458 differences in the striatum or hippocampus. Age differences were observed elsewhere in the brain such 459 that younger adults had greater PE-related activation of the right lateral occipital cortex, while older 460 adults had greater activation in the right frontal pole and paracingulate gyrus ( 
